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Abstract
We present HiTSEE (High-Throughput Screening Exploration Environment), a visualization tool for the analysis of
large chemical screens used to examine biochemical processes. The tool supports the investigation of structure-
activity relationships (SAR analysis) and, through a flexible interaction mechanism, the navigation of large chemical
spaces. Our approach is based on the projection of one or a few molecules of interest and the expansion around
their neighborhood and allows for the exploration of large chemical libraries without the need to create an all
encompassing overview of the whole library. We describe the requirements we collected during our collaboration
with biologists and chemists, the design rationale behind the tool, and two case studies on different datasets. The
described integration (HiTSEE KNIME) into the KNIME platform allows additional flexibility in adopting our approach
to a wide range of different biochemical problems and enables other research groups to use HiTSEE.
Introduction
Genetics has been widely used in the past to study com-
plex biological processes within a cellular system and to
elucidate the function of proteins. As genes encode pro-
teins, gene function can be modulated through a muta-
tion, which in turn perturbs the function of the protein
of interest and either affects its activity or entirely sup-
presses its expression ("knockout”). As a result, the phy-
siological effect observed in the phenotype allows the
protein function to be identified.
Although genetic approaches have proven to be extre-
mely powerful in elucidating the principles of a wide
range of biological processes, there are a number of sub-
stantial limitations to this approach, most importantly
the lack of temporal control required to study dynamic
processes, since a protein cannot be turned on or off on
demand. A more recent approach to study protein func-
tion, which overcomes this limitation, is chemical
genetics. In chemical genetics, biological systems are
studied using cell-permeable small molecules (com-
pounds), which inhibit the protein under investigation
(chemical knock-out). This approach makes it possible
to perturb protein function rapidly, reversibly and con-
ditionally with temporal and quantitative control, both
in cultured cells or whole organisms [1].
The foundation of chemical screens are commercially
available compound libraries comprising hundreds of
thousands of small molecules that cover a high degree
of structural diversity. In order to switch a protein off, a
compound needs to be identified that inhibits the pro-
tein under investigation and hence allows its function to
be studied. For this purpose, high-throughput screening
(HTS) is performed. This is a major technological break-
through in biology experimentation [2].
Although experimentation capabilities have increased
significantly over the last years, resulting in vast
amounts of data generated in high-throughput screen-
ings, the development of analysis methods that are able
to handle and process large amounts of data is lagging
behind and does not scale at any equally fast rate. For
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screenings use sub-optimal solutions which are either
too slow or suffer from a limited scope of analysis.
The development of HiTSEE stems from the analysis
of HTS data analysis practices performed by several
researchers at the School of Chemical Biology at the
University of Konstanz and from the analysis of existing
HTS tools. We discovered that electronic spreadsheets
are the main data analysis tool employed by the
researchers and that their data exploration capabilities
are, as a consequence, extremely limited. These practices
not only leave room to several kinds of mistakes, but
they also hinder the possibility of effectively exploring
the chemical space and relating activity levels to struc-
tural features.
At the same time, all the tools we have analyzed did
not completely fit the needs of our researchers. While
the whole field of Chemoinformatics has developed
numerous and impressive computational tools for drug
discovery (mainly in the pharmaceutical industry), there
is a lack of flexible visualization tools that allow for the
lower-scale smooth exploration of chemical spaces. Dur-
ing our analysis we reviewed a number of visualization
tools for structure-activity relationships (we provide a
full description and comparison in the Related Work
Section) but none of them seemed to fit the needs we
encountered. We believe this is due to three main fac-
tors: (1) the tools tend to focus either on gaining an
overview of a chemical space or on the exploration of
the neighborhood of a single compound; (2) the tools
tend to focus either on the comparison of entire mole-
cules or on their fragments; (3) many tools offer limited
navigation and interaction capabilities.
HiTSEE addresses these issues by providing a multi-
view interactive system in which it is possible to project
one or more compounds of interest and explore a
neighborhood. The tool features flexible navigation cap-
abilities that allow the user to easily jump from one che-
mical context to another.
The main contributions of this paper are: the in-depth
analysis of the HTS problem with a group of researchers
involved in biochemistry, the design rationale and devel-
opment of a flexible visual HTS analysis tool, and its
interaction paradigm within KNIME [3].
The validity of HiTSEE (KNIME) is demonstrated by
two case studies performed by biochemistry experts.
The presented approach is of major interest for biolo-
gists involved in high-throughput experiments and
visualization designers that want to learn from a real
design study.
The paper is organized as follows: the following sec-
tion describes HTS in more details to provide the right
context to readers not familiar with the process, the
Data Processing and Tasks Subsection describes the data
processing steps needed before the data could enter into
the system and the tasks collected during our collabora-
tion, the HiTSEE Section describes HiTSEE and its
design, the HiTSEE for KNIME Section gives detailed
information on the implementation and use of HiTSEE
within the KNIME platform, the Results Section illus-
trates the case studies, the Conclusion Section offers
some reflections and lessons learn from the process and
outlines our plans for future work.
Related work
While there are a number of free and commercial tools
that support one or more phases of HTS (e.g., Spotfire),
in the following we focus our review on visualization
tools that specifically address hit selection, exploration
and expansion and more specifically the understanding
of structure-activity relationships.
SARANEA [4] is a visualization tool to support struc-
ture-activity relationship and selectivity analysis. It is
based on a network graph visualization. The graph is
built by connecting molecules with an edge if their simi-
larity value is higher than a predefined threshold and
projected using the classical Fruchterman-Reingold algo-
rithm. The main feature of the tool is the calculation
and visualization (through color) of a “cliff index”,
which describes whether the compound has a big shift
in potency compared to its neighborhood. HiTSEE can
also help in the detection of activity cliffs by spotting
big changes in size within a given cluster. While SARA-
NEA is more targeted towards the exploration of a full
set of compounds, HiTSEE leverages on the idea of hav-
ing a small set of initial compounds (often a single one)
and to explore their direct neighborhood.
Scaffold Hunter [5] is another visualization tool that
can be used to find relations between structural features
and activity level. A tree structure is built starting from
one compound and building molecular scaffolds by
removing rings in the periphery, through a series of
chemistry and medicinal chemistry rules. The visual
representation is a radial tree depicting the hierarchical
scaffold structure and the activity level of the scaffolds.
The tool can be used to investigate the potential of the
scaffold to be at the origin of activation of biological
processes. Together with HiTSEE, Scaffold Hunter
shares the idea of starting the analysis from one (or
more in HiTSEE) compounds of interest and exploring
their neighborhood. However, HiTSEE is focused more
on structural similarities between the compounds rather
than the scaffolds.
DrugViz [6] is a newly developed plug-in in the Cytos-
cape environment in which analysis is centered on a
network representation of interactions between biologi-
cal targets. The system enables similar targets to be
picked and common compounds to be found, or
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sees how they are distributed in the target network.
While the system allows the investigation of relation-
ships between biological targets and molecular struc-
tures, visualization is not targeted towards the
visualization of structure-activity relationships.
The SAR Map [7] (and its extension Enhanced SAR
Map) allows the focus to lie on one single molecule of
interest, exploring all its substituents through R-group
analysis. For its input, R-group analysis takes a list of
compounds with a common scaffold and generates all
possible variations. The SAR map is a heat map where
the columns and the rows represent substituents of
two selected variation sites. Each cell represents one
specific compound (formed by attaching the substitu-
ents) and a color map, or more complex visualizations
provide rich information about each compound. HiT-
SEE also allows the variations around a subset of
structurally similar compounds (in the molecule details
view) to be visualized, however this functionality takes
place in the larger context of similarity analysis among
entire molecules.
ChemGPS-NP [8], similarly to HiTSEE, projects mole-
cules in a low-dimensional space using a PCA projec-
tion. The visualization is designed in a way so as to
reflect those properties that are relevant for bioactivity.
However, the visualization does not directly adress the
correlation between activity and structural similarity.
In summary, HiTSEE has the unique advantage of
allowing flexible and smooth navigation in the chemical
space by conjugating two contrasting needs: the need to
create visual summaries of chemical libraries and the
need to explore the neighborhood of selected
compounds.
Methods and data
HTS provides a means to quickly test a large number of
chemical compounds against a biological target in order
to determine potentially interesting compounds (hits)
which can then be investigated further. Once the data
has been collected, the researcher must go through the
following stages:
Data processing & quality control
The researcher normalizes the data against the control
values and analyzes the result to check for abnormal
behaviors. A number of biases and outliers can exist in
an HTS experiment. In our environment we typically
check for assay plates with a low Z-factor [9], a measure
of assay quality based on the controls. This phase is also
supported by a visual tool we have developed previously
[10] to visually explore the values in the plates. The
researchers can directly filter out those compounds with
unreliable readouts or simply mark them for future
analysis.
Hit selection
The goal of this phase is to identify the compounds that
reacted in the experiment. Typically, the researcher
organizes the results in a list sorted according to activity
level and chooses a threshold value above which the
compounds are considered active. These compounds are
called hits.
Hit confirmation
After hit identification, the researcher re-tests the
selected hits in a new and more focused screening (e.g.
testing different concentrations of the compounds and
calculating the half maximal inhibitory concentration
(IC50)) in which confirmation of activity is sought. This
p h a s ei sn o r m a l l yd o n em a n u a l l yg i v e nt h es m a l ln u m -
ber of molecules to test.
Hit exploration
After hit confirmation the researcher explores the chemi-
cal space around the hits. Typically, he or she is in search
of relationships between molecular structure and activity
to isolate molecular fragments that induce activity (a pro-
cess called structure-activity relationship (SAR) analysis).
Hit expansion
Similar to hit exploration, hit expansion focuses on
exploring the space around the hits but the focus is on
identifying alternative molecules that retain the desired
properties and meet additional requirements (e.g.
solubility).
Each one of these steps can involve data and compu-
tational resources. While in our environment we provide
support for all these stages, HiTSEE provides only sup-
port for a subset of them, namely: selection, exploration,
and expansion.
Data processing and tasks
In the following we provide additional details about the
data and describe how it is processed before entering
into the description of HiTSEE. Then, we describe how
we gathered the requirements for the design of the tool
and discuss our main motivation for focusing on a sub-
set of the HTS tasks.
Data processing
HiTSEE KNIME integrates fully into the KNIME plat-
form [3]. KNIME is a well-known data mining frame-
work based on a workflow paradigm where data is
processed by connecting data processing nodes one to
another. It features an extensive and extensible library
of nodes with a variety of purposes, e.g., querying, data
mining algorithms, biochemical libraries. Before entering
the HiTSEE KNIME nodes (more details in Section HiT-
SEE for KNIME) additional nodes preprocess the data
within the platform:
1. Data Normalization - The system enables several
kinds of normalization to be applied and take
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stage the system normalizes the data, taking the
values found in the control cells into consideration,
and using the average value of the positive and nega-
tive controls.
2. Quality Control - At this stage the researcher can
use a variety of tools we have developed to asses the
quality of the experiment and to filter out or mark
values with unusual behaviors. Many of the func-
tions we have implemented leverage on a plate view
through which the user can observe the distribution
of the activity levels across the plates.
3. Fingerprint Generation - The molecular structure
of each compound (described by the SMILE format
in the database) has to be translated into a format
that allows structural similarity comparisons between
the molecules. Thus, we transform the molecular
descriptions into binary vectors called fingerprints.
Since this last fingerprint generation step is critical for
the way HiTSEE arranges the molecules in its main view
we provide additional details about it below.
Fingerprint generation
Chemoinformatics applications use fingerprints (FPs) as
a way to allow similarity searches and comparisons
between molecules. The basic idea behind FPs is to
describe each molecule with a numeric vector that cap-
tures relevant properties of molecules. While FPs can
capture a variety of molecular features, structural finger-
prints are above all the most popular [11]. Structural
fingerprints are based on the concept of molecular frag-
ments, that is, subsets of atoms and bonds found in the
original sets, and describe each molecule in terms of the
presence or absence of a molecular fragment. A finger-
print is thus a (normally very long) binary vector where
each entry represents a fragment. The value is set to
one if the fragment is contained in the molecule and to
zero otherwise. Through such a binary representation it
is possible to compare the structural similarity of mole-
cules: two molecules with similar vectors contain similar
molecular fragments.
For more information on fingerprints and related
techniques in chemoinformatics Leach and Gillet [12]
provide an excellent introduction to the aforementioned
concepts. Bender and Glen [13] provide an overview on
molecule similarity measures (with and without the use
of fingerprints) which can partially be applied using
HiTSEE in the KNIME environment. Additionally, thor-
ough reviews on fingerprints and chemical similarity can
be found in the following papers: [14-16].
Tasks
T h er e q u i r e m e n t sw eh a v eg a t h e r e dt od e s i g nH i T S E E
are the result of a long-term collaboration between the
Department of Information Science and the Konstanz
Research School in Chemical Biology at the University
of Konstanz. We organized regular meetings between
the involved groups to become acquainted with the bio-
chemical problems and to gather information about cur-
rent practices and data analysis needs. HiTSEE is the
last in a number of developed prototypes designed over
a year and a half of collaboration. We used the proto-
types as a way to probe the design space, to better
understand the domain problems, and eventually to iso-
late the tasks that needed a real support in terms of
visual analytics tools.
While we originally developed prototypes for a diverse
number of tasks throughout the range of the HTS steps,
e.g., data processing, quality control, and chemical
libraries overviews, HiTSEE has been designed specifi-
cally to support hit selection, exploration and expansion.
More precisely we provide support for two main visual
analytics tasks:
1. Setting a threshold in hit selection.O n eo ft h e
challenges we encountered early on in the process
was the definition of an activity threshold value in
the hit selection process. From our observations and
discussions with the domain experts we realized that
the hits are normally selected through a fuzzy pro-
cess. The researcher sorts the molecules according
to their activity value and chooses a threshold going
by eye, searching for a trade-off between the number
of hits (to be kept low for later, more in-depth, test-
ing) and the risk of missing important molecules.
One need voiced by our collaborators was the possi-
bility to gain, already at this stage, a better view on
the selected hits in order to make the hit selection
process more informed.
2. Exploring the neighborhood of confirmed hits.A
second major need we spotted during our collabora-
tion consists of the exploration of the neighborhood
o fo n eo rm o r ec o n f i r m e dh i t si nt h eh i te x p a n s i o n
phase. This stage starts when one or more molecules
are declared to be active in a secondary screening.
At this point, the researcher wants to explore the
neighborhood to: (1) understand how little structural
changes influence the chemical behavior with the
selected target; (2) find a trade-off between the activ-
ity level expressed by the compounds and other che-
mical features of interest. In our specific case, for
instance, the solubility of the compounds (measured
in LogP values) is a critical element to isolate mole-
cules of interest.
HiTSEE supports these two tasks in an integrated
environment in which the user can project elements of
interest in a scatter plot view, expand the projected
items to include their neighbors, and perform several
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and details on demand. In the following we describe
HiTSEE in detail and explain how it supports the afore-
mentioned tasks.
HiTSEE
HiTSEE’s interface is organized around three main
views: list+projection view (Figure 1 (left, middle)),
molecules detail (Figure 1 (right)) and substructure
search view (Figure 2), that support exploration, in-
depth investigation and structural queries. The list+pro-
jection view permits molecules of interest to be selected
and to project them in a scatter plot visualization to
form clusters of (structurally) similar compounds. The
view supports the investigation of relationships between
activity levels, structural features, and other chemical
properties. The molecules detail and substructure search
view shows the molecular structure of compounds
selected in the projection view and triggers substructure
searches.
In the following we describe each component in detail
together with the interaction capabilities offered by each
one.
List+Projection view
The List+Projection view consists of two interactive ele-
ments: a compounds list and a linked scatter plot view.
(Figure 3 (left)) The compound list organizes the full set
of compounds in the library in a list format sorted by
activity level. Each item is represented by its molecular
structure and by a bar with length proportional to its
activity level.
The user can select one or more items in the list, pro-
ject them in the scatter plot view, and expand the selec-
tion to a user-defined number of neighbors. The
neighbors are the compounds that are structurally most
similar to the current selection. The structural similarity
is calculated from the fingerprint bit-vectors (see Finger-
print Section).
The compounds are represented by circles and posi-
tioned in the view through a multidimensional scaling
(MDS) projection such that compounds with similar
structures occupy similar positions. Size represents the
activity level and color is used to distinguish between
those compounds included in the initial selection and
those added by the expansion mechanism. Each circle
also contains a small modified pie chart representing
additional chemical properties of interest (in our case
t h eL o g Pv a l u e ) .T h ep i ec h a r ti sd e s i g n e di naw a yt o
turn its fill color into a more prominent one (darker
blue) when the value of interest goes beyond a prede-
fined threshold.
The MDS projection takes a distance matrix of metric
distance values as input. For each pair of compounds,
we calculate the Tanimoto [17] distance between their
fingerprint bit-vectors. Two problems emerge from
MDS-based projections: overlapping items and fuzzy
Figure 1 HiTSEE main view. The Main View of HiTSEE KNIME containing the list view (left), the projection view (middle), and the detail view
(right). The gray selected molecules are input to the detail view. The hovered item in the detail view is highlighted yellow in the projection view.
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two issues we implemented two additional features.
First, we used an overlap removal mechanism that per-
mits to displace the items from their original position if
they overlap each other. Second, in order to facilitate
the grouping of the items, we cluster the items and
draw a “bubble” around them to reinforce the percep-
tion of grouping. The clustering algorithm takes the
screen-space positions of the items as input and clusters
them into bubble sets [18]. For each cluster, we deter-
mine the common substructure of all containing com-
pounds and position it left to the cluster.
In designing the projection view, we tried to optimize
its visual effectiveness towards reading patterns with
biological interest. In the following we provide a sum-
mary of the rationale behind our main design choices.
Since position is the visual variable that can be per-
ceived pre-attentively most accurate [19], we use it to
convey molecular similarity (through the proximity data
given by MDS), which is the most important piece of
information in the data. Activity level is mapped to cir-
c l es i z e( w i t has q u a r er o o tm a p p i n gt ot a k ei n t o
account the area effect) to allow for easy discrimination
among the molecules. While visual variables like bar
length allow for a more accurate comparison of values
[19], we decided to use circles and their size because:
(1) they cluster more naturally than shapes with other
aspect ratios, (2) they are more robust w.r.t. the
Figure 2 HiTSEE substructure search view. The HiTSEE HiTSEE substructure search view derived from JChem Marvin Sketch Applet.
Figure 3 Visual encoding in HiTSEE. Left: Different alternatives for visually encoding activity (length/radius) and logP (proportion of shape).
Right: HiTSEE’s mapping of origin (direct selection or expansion), activity level, and logP value to the visual features: color (orange, blue), size
(circle radius), and angle (pie chart).
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discrimination between high vs. low activity molecules
while keeping the visualization compact, (4) reading the
activity values accurately is not the main purpose of the
visualization (as long as major differences can be
spotted). A third parameter (LogP) is encoded as the
visual variable angle. To allow better readability we
v i s u a l i z et h ea n g l eb yu s i n gaf i l l e dp i ec h a r tw i t ho n l y
one pie embedded in the circles. While a number of
alternatives exist to encode two parameters, as for
instance stacked bars and nested circles (see Figure 3),
we decided to use a modified pie chart because it corre-
sponds well with the circular shape we adopted and
readability scales visually better than nested rings to
items of different size.
Molecules detail view and substructure search view
From the projection view the user can select a group of
interesting compounds to be investigated in detail. Fig-
ure 1 (right) shows the detail view with its core features.
The selected set of compounds is visualized as an
ordered list of high resolution molecule renderings. We
map the chemical features activity and logP into small
bar charts to the right, the pKa values are rendered
directly into the molecule.
During the investigation of the molecules we permit
the user to start a search on a particular pattern by
selecting a molecular fragment and issuing a query for
retrieving all the compounds containing the selected
fragment. We support this function by providing the
substructure search view, which opens when the user
double-clicks on a molecule in the detail view.
The substructure search view (Figure 2) is based on
the JChem Marvin Sketch applet (see Section Implemen-
tation Details), which provides a common interactive
method for selecting substructures. The user starts a
search on the selected substructure, the search results
are highlighted as selections in the List+Projection view,
and the user can project them in the projection view for
investigation.
HiTSEE for KNIME
Integration of HiTSEE into the KNIME platform is
achieved by the development of a series of processing
nodes that realize the functions developed in HiTSEE
and additional helper nodes that permit to build a fully
functional pipeline. Figure 4 shows an example of the
workflow. The data can be read and pre-processed using
the large set of available nodes in the KNIME platform
(many specifically built for processing biological data).
In the example, the first set of nodes permits to load
the data into the system; preprocess it to calculate
derived information, such as logP and fingerprints; and
to apply some normalization functions. The nodes
between the “Loop Start” and “Loop End” represent the
core functionalities offered by the HiTSEE KNIME inte-
gration and reflect the main behavior of HiTSEE as a
(c) find positions, cluster, 
and cluster label for selection
loopback when a new subset was selected in Main View
(d) The Main View Node: 
 contains the Main View of HiTSEE and allows visual exploration 
of the data set and deﬁne new subsets visually 
(b) optionally searches for molecules 
or/and expands the selection
(a) preselects a subset of molecules with 
high variety and high activity value
Figure 4 HiTSEE as KNIME workflow. An example of a KNIME workflow using the HiTSEE extensions. The data input and data preparation
nodes are shown in the first row. Nodes for the iterative loop to select subsets of the given molecule library visually, are shown in the lower
part.
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compounds.
Each iteration starts with the selection of a molecule
subset from the user directly or indirect from a user
defined search request. The first set of nodes (b) is
responsible for the generation of the expanded set (for a
project-and-expand operation) and for the search of the
target molecules of a substructure search. The second
set of nodes (c) is responsible for projection and cluster-
ing. More specifically, this node implements the follow-
ing set of functions: (1) calculate the distances between
the molecules in the selected (and expanded) subset; (2)
project the distances; (3) cluster the projected positions;
(4) find a most common substructure as cluster label.
Finally, the last node (d) is the one that implements the
visualization, the interactive functions, and the loop
control.
The “Project” and “Project and Expand” buttons trig-
ger the HiTSEE loop and permit it to execute one itera-
tion of the steps described above under the parameters
given by the user. The main view is split into the pre-
viously described list view, projection view,a n ddetail
view. The example in Figure 1 shows a selection made
by the user (highlighted in gray). When the “Project &
Expand” button is clicked, the following parameters are
set for the next loop cycle. The three selected molecules
are the new subset of interest, an expansion of the sub-
set is required for a set size of 15 additional compounds.
The loop is started with these parameters for one cycle
and the main view changes accordingly.
Flexibility
Integration into the KNIME platform allows a higher
flexibility in changing the behavior of HiTSEE. The
major advantage rests in the fact that the processing
work flow can be easily changed. In the following, we
provide a few examples of changes that could be applied
by simply replacing or adding nodes in the workflow:
￿ The distance measure between molecules can be
changed. The originally used Tanimoto metric to
calculate the similarity between the molecules can
be substituted by calculations of alternative finger-
prints or alternative metrics.
￿ The activity value can be transformed, e.g., to
reduce highly dynamic behaviors. This is exemplified
i nF i g u r e4b ya p p l y i n gas q u a r er o o ts c a l i n gt ot h e
activity value (see “SQRT normalize activity” node
before the loop start).
￿ Data preprocessing can be modified and allows
richer automation. We applied an algorithm from
Meinl et.al. [20] to initially select molecules of high
structural diversity with a high activity value. (see
“Meinl Selection” in Figure 4).
Many more functions can be integrated according to
the specific needs of the analysis and the provision of
nodes from the KNIME platform. By the integration and
deployment of HiTSEE KNIME we reach a higher
degree of generalization and enable our approach to be
adopted for a wider range of biochemical challenges.
Implementation details
The KNIME version of HiTSEE is programmed in Java.
For rendering molecules, finding common substructures,
and making the interactive selection we use the KNIME
integration of the JChem library version 5.4, 2011, Che-
mAxon http://www.chemaxon.com and infocom (http://
infocom-science.jp/product/detail/jchemextensions_engl-
ish.html). For the implementation of visual components
we use the Processing http://processing.org/ framework
v1.0 and the giCentreUtils v3.1.0 http://www.gicentre.
org/utils/. MDS projection is performed by the Java
Library for Multidimensional Scaling v0.2 http://www.
inf.uni-konstanz.de/algo/software/mdsj/. The cluster
shapes are generated with BubbleSets https://github.
com/JosuaKrause/Bubble-Sets.
Results
We conduct two case studies applying different screen-
ing datasets to our prototype and to the KNIME version
o fH i T S E E :W ed e s c r i b et h ec a s es t u d yf o ra no n g o i n g
research project in our Biochemistry group (Kif18A data
set). To show general applicability we provide a case
study for using HiTSEE KNIME for the NCI AIDS Anti-
viral Screen.
Case study 1: the Kif18A data set
We used HTS-data generated by a screen looking for a
specific inhibitor of Kif18A [21] to prove the effective-
ness and usability of HiTSEE.
Kif18A belongs to the family of mitotic kinesins. Kine-
sins are ATP dependent motor proteins, which utilize the
energy derived from ATP hydrolysis to produce mechani-
cal force. Kif18A belongs to the kinesin-8 family whose
members are known to be required for the correct segre-
gation of chromosomes in mitosis. Besides its key function
in mitosis, Kif18A is characterized by its unique enzymatic
properties since it integrates both motility and microtu-
bule depolymerization activity. Due to its central function
in mitosis and intriguing enzymatic properties we applied
a small molecule screen to identify small molecules that
inhibit the ATPase activity of Kif18A. The published
results of the small molecule screen [21] can be applied as
a proof-of-concept principle to validate HiTSEE.
Case study 1: hit selection
The first step after a high throughput screen is to decide
which positive results are counted as a hit, whereupon
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level. With HiTSEE the compounds are directly sorted
according to their activity level and the corresponding
structures are represented in a list. After choosing the
30 compounds with the highest activity and projecting
them, we have a first set for hit selection. In the projec-
tion we could see the common structure of the clusters
(Figure 5a). The only common motif in this case was
the phenyl moiety, which is not really significant. Also
blue filling of the dots indicates a LogP value above 5,
which could cause solubility problems in aqueous
media. Nevertheless, by removing the overlap we are
able to see the structure of the active compounds and
get first hints for structures relevant for activity. In the
detailed view of all these selected compounds we can
easily compare their structures by eye and spot new
common or interesting structures like the diphenyl sul-
fide moiety. With the project and expand option we
were able to see structures related to the hits with lower
activity levels (indicated by orange dots, Figure 5b).
Clusters of highly active and less active compounds
made us feel more confident to select the highly active
compound as a hit, because the structural motif is
spread over an activity range.
Case study 1: hit expansion
After one hit has been selected we can choose structural
elements and search the entire library for that motif. In
our case we started by projecting the 30 compounds
with the highest activity in the view. After selecting all
the hits and going through the detailed view we decided
to look for compounds containing a diphenyl sulfide
moiety, which was present in several hits (Figure 6). The
result was that we received nice clusters of compounds.
T h i sc l u s t e r i n gg i v e su sm o r ec o n f i d e n c et oc h o o s et h e
selected hit for further testing because now we know
that there are other compounds containing the same
structural moiety with a different activity level. This
activity range allows us to establish SARs, identify the
core structure necessary for activity and hint to struc-
tures with higher activity. Further this finding appears
to indicate that the selected hit is not a false positive
because the substructure is present in different com-
pounds. Using the detailed view of a cluster, a list of
compounds with common substructures and diverse
activity levels is obtained. The fact that the common
motif is not only present in the highly active compounds
but also in less active ones enabled us to establish SARs
first and to feel confident in choosing this compound
for further investigations. The search did not give BTB-
1 as a result but it gave a whole set of BTB-1 analogues,
which are also very active. If we were to continue with
these results we would choose the diphenyl sulfone moi-
ety as the lead structure, the published Kif18A inhibitor
[21]. After investigating compounds with this structural
motif and establishing SARs we would finally end at
BTB-1. HiTSEE allows hits to be confirmed by exploring
the chemical space around them and revealing less
active compounds bearing same structural moieties.
Case study 2: NCI AIDS antiviral screen
The NCI AIDS Antiviral Screen data set [22] provides
measures of the ability of chemical compounds to pro-
tect cells against the cytopathic effects of HIV (see Wei-
slow et.al. [23]). The library consists of more than 40000
compounds as well as chemical structure descriptions
and screening results.
The 20 compounds that showed the highest activity
level and high diversity were automatically preselected
and projected in order to obtain an initial set of struc-
tures for hit selection. Within the projection view we
get different clusters. By hovering over items we could
see the chemical structure of each single compound. A
cluster containing different heterocyclic molecules was
selected and the detail view was used in order to find
common substructures. The detailed view revealed a set
of compounds containing benzothiazoles, quinazolines
and quinolines, which are related structures. In order to
confirm the selected compounds as active hits the pro-
ject and expand option was used and the found cluster
was investigated for common structures in the detailed
view of HiTSEE. Several compounds bearing a quinoline
scaffold were identified with different activity levels (Fig-
u r e7 ) .T h e r e f o r ew ew o u l ds u g g e s tu s i n gt h i ss c a f f o l d
as a true hit and as a lead structure for further synthesis
to establish SARs. Even though the confirmed active
compounds of the published results of the screen did
not list quinolines as active compounds, the related N-
heterocyclic benzodiazepines, thiazolobenzimidazoles
and pyrimidne analogues were confirmed active hits.
Further details and the mode of action of these com-
pounds can be found in De Clerq [24].
Lessons learned
In this section we highlight two main lessons we have
learned during the design of HiTSEE. The first lesson
concerns the collaboration process between computer
science experts and biochemistry experts, the second
concerns the design strategy of HiTSEE.
During our collaboration we noticed that not only is it
necessary to make sure that all the parties get
acquainted with their respective research background
and goals (e.g., the computer scientists have to under-
stand the domain problem, the biochemists have to pic-
ture the capabilities that computer systems can offer)
but also that their collaboration and influence rely on a
steady exchange of ideas. In our experience it is not suf-
ficient to meet at scheduled times in more or less
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(b)
Figure 5 Case study 1a.T h eprojection view for case study Hit Selection. In a) the projection of the users original selection is shown. The only
common motif is the phenyl moiety. That this motif is shown in two clusters can be interpreted as: “The contained compounds share a
common substructure, but besides that they form different clusters of structural similarity.” By expanding the selection in b) a hit can be visually
indicated, because the structural similar motifs are spread over an activity range.
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Page 10 of 13formal meetings to report on the state of the work. A
tighter integration is needed. Our project experienced
big leaps every time we had computer scientists and bio-
chemists sitting next to each other and walking through
the data analysis steps together for extended periods of
time.
From a visualization design point of view we learned
that trying to achieve an overview of the whole data at
all costs is not always the best strategy. Before develop-
ing HiTSEE we provided the users with a number of
prototypes based on the idea of visualizing the entire
chemical library under observation, or large portions of
it. All our attempts in this direction failed because we
misinterpreted the needs of our collaborators. The bot-
tleneck in their analysis was not in spotting elements of
interest as a way to kick-start the process, but rather to
Figure 6 Case study 1b. The projection view and substructure search view (inset) for case study Hit Expansion.
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Page 11 of 13effectively and efficiently explore a fairly large number
of compounds similar to a few selected ones.
We believe that visualization researchers and designers
should take this advice into serious consideration and
always ask if creating an overview is the best strategy to
cope with the current problem. Especially when dealing
with large data sets, trying to obtain full overviews
might end up being not only impractical, but also not
useful (or sub-optimal).
Conclusion and future work
We presented HiTSEE (KNIME) a visualization tool for
the analysis of high-throughput screening data for bio-
chemistry experiments. HiTSEE proposes a smooth inter-
face and interaction paradigm enabling the chemical
space to be explored, find relationships between activity
values and molecular structures. The paper presented a
series of requirements, their impact on the design of the
tool, and its effectiveness through a case study.
There are a number of issues we plan to address in the
future. The projection view changes abruptly when modi-
fied by a number of external events, making it difficult to
preserve the mental map of the projected items. We plan
to develop methods to reduce the changes from one view
to another and to implement smooth animations that help
relate the new projection to the old one. As the analysis
gets more complex and the user goes through multiple
steps, it becomes difficult to remember previous steps and
return to interesting states previously visited. We plan to
implement a history and save mechanism that support this
specific need. An assistance system to allow the user to
choose a valuable expansion size is planned. An in-depth
investigation of how different fingerprint generation meth-
ods and parameter sets influence the resulting distances is
of high interest.
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